and is associated with more severe and prolonged uterine inflammation (LeBlanc, 2014) .
The resumption of ovarian function is mainly evaluated by transrectal ultrasonography and/or by monitoring progesterone concentration in blood or milk. However, the evaluation of uterine involution is complicated, because uterine involution is accompanied by physical shrinkage, expulsion of lochia-containing remnants of the foetal placenta and endometrial tissue, and endometrium regeneration (Sheldon, Williams, Miller, Nash, & Herath, 2008) . For example, the reduction in the diameter of the uterine horn or cervix is evaluated by transrectal palpation (LeBlanc et al., 2002) or ultrasonography (Scully et al., 2013) . The characteristics of intervaginal purulent material are determined using vaginoscopy (LeBlanc et al., 2002) , Metricheck device (Pleticha, Drillich, & Heuwieser, 2009; Senosy, Uchiza, Tameoka, Izaike, & Osawa, 2011) or gloved hand (Pleticha et al., 2009) , whereas the inflammation of endometrial tissue is diagnosed cytologically with Cytobrush (Barlund, Carruthers, Waldner, & Palmer, 2008) .
Moreover, Mishra and Prakash (2005) showed that changes in blood concentration of the prostaglandin F2α metabolite 13,14-dihydro-15-keto-PGF2α (PGFM) are related to the reproductive tract infection.
Thus, there are several well-established diagnostic techniques to check for uterine involution. Yet, almost all these studies focused on the association between endometritis and diagnostic parameters, whereas it is unknown whether uterine involution in all cows without endometritis proceeds similarly. Even if postpartum cows are not affected by clinical metritis or endometritis, the presence of intrauterine fluid due to delayed expulsion of lochia-containing remnants of the foetal placenta and endometrial tissue has been associated with delayed resumption of ovarian function in the early postpartum period (López-Helguera, Colazo, Garcia-Ispierto, & López-Gatius, 2016) .
Furthermore, uterine infection after calving suppresses dominant follicle selection and prolongs ovulation after parturition (Sheldon, Noakes, Rycroft, Pfeiffer, & Dobson, 2002) . Therefore, an "on-farm" method, which can easily diagnose cows with delayed uterine involution as well as with endometritis, is needed. In addition, it is necessary to clarify the characteristics of the metabolic status of such animals to facilitate uterine involution and to prevent endometritis by improving the management of these conditions. Thus, the objective of this study was to investigate vaginal discharge characteristics after calving using Metricheck device and to establish the relationship between vaginal discharge characteristics and other diagnostic parameters, such as the diameter of the uterine horn and cervix, uterine horn fluid properties and plasma PGFM concentration. The metabolic status and conditions of ovaries were studied in dairy cows during the early postpartum period.
| MATERIAL S AND ME THODS

| Animals
Our experimental procedures complied with the Guide for the Care and Use of Agricultural Animals of the Obihiro University (approval number: #25-13). The experiment was conducted at the Field Centre 
| Sampling
Vaginal discharges were collected weekly from 2 to 6 weeks postpartum using a Metricheck device (Simcro Tech Ltd, Hamilton, New Zealand) that comprised a stainless-steel rod and a silicon cup.
Scoring was similar to that described previously (Sheldon, Lewis, LeBlanc, & Gilbert, 2006) with slight modifications (Figure 1 ).
Intrauterine fluid and the largest diameters of the cervix and previously gravid horn (external uterine bifurcation, approximately 6 cm anterior to the uterine body) were assessed using ultrasonography (HS-101 V, Honda Electronics Co., Ltd, Aichi, Japan) weekly from 2 (15.3 ± 0.1 days) to 6 (43.4 ± 0.1 days) weeks postpartum.
Fluid content of the previously pregnant uterine horn was scored as follows: score 1, no fluid; score 2, no fluid, but detected echogenic line; and score 3, fluid detected. Inner and outer cervix diameters F I G U R E 1 Vaginal discharge scoring scale with typical mucus photo for each score indicate outlines of the cervical mucosa and muscular layers, respectively. Inner and outer diameters of the previously pregnant uterine horn indicate outlines of the endometrium and myometrium layers, respectively. Each diameter was calculated as the mean of the maximum height and width.
For all cows, blood samples were obtained by caudal venipuncture twice a week from 1 to 6 weeks (from 8.1 ± 0.1 to 43.4 ± 0.1 days, 11 samples in total for each cow) after calving.
Additional blood samples for PGFM measurements were obtained on Days 7, 10, 13, 16 and 21 postpartum in multiparous cows. Nonheparinized and silicone-coated 9-ml tubes (Venoject, Autosep, Gel + Clot. Act., VP-AS109 K; Terumo Corporation, Tokyo, Japan) were used for biochemical analysis, and sterile 10-ml tubes containing 200 µl of stabilizer solution (0.3 M EDTA, 1% acetylsalicylic acid, pH 7.4) were used for hormonal analysis. To obtain serum, blood samples were coagulated for 10 min at 38°C in an incubator. All tubes were centrifuged at 2,000 g for 20 min at 4°C, and plasma samples were kept at −30°C until analysis.
| Measurements of hormones and metabolites
Plasma PGFM concentrations were determined by enzyme immunoassay as described previously (Shirasuna et al., 2004) . Before the assay, samples were adjusted to pH 3.5 using HCl and extracted using diethyl ether (Acosta et al., 1999) ; the extraction efficiency was 90%. The standard curve for PGFM ranged from 2.5 to 2,500 pg/ ml, and half-effective dose in this assay was 186.1 pg/ml. The mean intra-assay and interassay coefficients of variation were 8.3% and 11.7%, respectively. Plasma progesterone concentrations were determined using an enzyme-linked fluorescent assay kit (VIDAS progesterone assay kit; Sysmex Co., Ltd., Tokyo, Japan). The measuring range was from 0.25 to 80 ng/ml, and the intra-and interassay coefficients of variation were from 3.8% to 5.7% and from 3.1% to 6.2%, respectively. Serum concentrations of glucose, nonesterified fatty acid (NEFA), β-hydroxybutyrate (BHBA), total protein (TP), urea nitrogen (BUN), albumin (Alb), total cholesterol (T-cho), aspartate aminotransferase (AST), gamma-glutamyl transpeptidase (GGT), calcium (Ca), inorganic phosphorus (iP) and magnesium (Mg) were measured using a clinical automated chemistry analyser (TBA120FR; Toshiba Medical Systems Co., Ltd.; Tochigi, Japan).
| Classification of vaginal discharge changes by Metricheck device
Using the Metricheck device, we classified cows into three groups based on vaginal discharge changes. We classified cows with clinical endometritis that had discharge containing ≥50% purulent material (score 4) until 3 weeks postpartum (Sheldon et al., 2006) into the Endometritis group. We considered that cows with a score of 2 or 3 until 6 weeks postpartum after having score 1 as having delayed uterus involution (Delayed involution group), and that all the remaining cows were healthy (Healthy group).
| Identification of the onset of luteal activity
When progesterone concentration in plasma was >1 ng/ml, the cow was considered as showing luteal activity (Stevenson & Britt, 1979 ).
| Statistical analysis
The period of 0-6 days after calving was considered as the parturient week (0 week 
| RE SULTS
| Evaluation of vaginal discharge by Metricheck device and examination of uterus involution
The Healthy, Delayed involution and Endometritis groups contained 23 (six primiparous and 17 multiparous), nine (two primiparous and seven multiparous) and 19 (eight primiparous and 11 multiparous) cows, respectively. A significant group × time interaction was observed (p = 0.003), and scores at 6 (p < 0.05) weeks postpartum in the Delayed involution group were higher than those in the Healthy group ( Figure 2a ). In addition, the Endometritis group showed higher
Metricheck scores than the Healthy group (p < 0.001) throughout the entire experimental period (Figure 2a ). Distributions of Metricheck scores for each group are shown in Figure 2b . More than half of the Healthy group showed score 1 at 3 weeks postpartum.
In the Delayed involution group, all cows had a score of 2 or 3 at 6 weeks postpartum again. Half of the Endometritis group had score 1 at 6 weeks postpartum. Table 1 shows parity, calving difficulty, body weight, calf sex, peripartum disease incidence, milk yield and postpartum luteal activity in the three groups. In the Delayed involution group, the onset of luteal activity after parturition occurred later than that in the Healthy group (p = 0.034). In the Endometritis group, the numbers of female calves (p = 0.034) and cows with peripartum disease (p = 0.026) were higher and the average (p = 0.046) and total (p = 0.046) milk yields from 1 to 6 weeks postpartum were lower than those in the Healthy group. The following peripartum diseases were diagnosed as follows: mastitis and ketosis (n = 1) and milk fever (n = 1) in the Healthy group; mastitis (n = 1) and hypocalcaemia (n = 1) in the Delayed involution group; and mastitis (n = 2), hypocalcaemia (n = 1), milk fever (n = 1), mastitis and milk fever (n = 1), and ketosis (n = 3) in the Endometritis group. Other parameters were not significantly different between the Healthy group and the Delayed involution group or Endometritis group. 
| Metabolic parameters
| Plasma PGFM concentrations
| D ISCUSS I ON
The present study, for the first time, examined the pattern of uterine involution based on vaginal discharge changes using the Metricheck device in postpartum dairy cows. In almost all previous studies, vaginal discharges were used for the diagnosis of clinical metritis (Giuliodori et al., 2013) or endometritis (Giuliodori et al., 2013; Pleticha et al., 2009; Senosy et al., 2011) . Approximately half of the cows in our study (Healthy group) had clear mucus and no intrauterine fluid by 6 weeks postpartum prior to the fresh cow check, which is the first examination of the genital organs, including the ovaries and uterus, after parturition. In some cows, vaginal discharges Cows with a delay in uterine involution tended to be delay the reduction in inner diameter of uterus horn, which indicates outlines of the endometrium layers, delayed onset of luteal activity and decreased plasma PGFM concentration after parturition compared to those in Healthy cows. In general, massive PGF2α release occurs at parturition, which leads to higher plasma PGFM concentrations by 2-3 weeks postpartum because PGF2α is rapidly metabolized to PGFM (Kindahl et al., 1999) . In cows with normal uterine involution, PGFM concentration negatively correlates with the time to complete uterine involution (Kindahl, Kornmatitsuk, & Gustafsson, 2004) . In contrast, uterus inflammation stimulates the production of prostaglandins and activates arachidonic acid cascade (Kindahl et al., 2004; Mishra & Prakash, 2005) . Thereby, plasma PGFM concentration in cows with endometritis after calving is maintained at high levels and decreases slowly to basal levels (Kindahl et al., 1999; Mishra & Prakash, 2005) . In addition, Sheldon et al. (2002) showed initial elevation during 14 days postpartum followed by a decline to basal levels and another small elevation at the time of final elimination of the bacteria from the uterus; (b) elevation during 7 days postpartum, then a decline to basal levels, and another small elevation before the final elimination of bacteria. Notably, cows with higher BUN concentration exhibited only the former PGFM pattern. We did not determine the cause of higher BUN concentration in Delayed involution group but it is known that elevated BUN alters uterine microenvironment (Butler, 1998; Hammon et al., 2005) . Furthermore, it will be necessary to elucidate the negative impact of urea nitrogen and NH 3 in uterine fluid on uterine involution after calving in future.
Elevated BUN concentration after calving in the Delayed involution group cows may contribute to temporary interruption of intrauterine fluid expulsion and delayed attenuation of plasma PGFM concentrations after parturition, which may exacerbate uterine inflammation. Therefore, further studies are needed to assess the degree of uterine inflammation cytologically in addition to evaluations of the vaginal discharge and intrauterine fluid in Delayed involution group.
In this study, approximately one-third of cows were diagnosed with clinical endometritis accompanied by discharge containing ≥50% purulent material until 3 weeks postpartum (Sheldon et al., 2006) . In the present study, cows with endometritis had more frequent occurrence of peripartum diseases and lower milk yield TA B L E 1 Parity, calving difficulty, information of calves, peripartum disease, milk yield and onset luteal activity in each group 
p-value
Healthy versus delayed involution
Healthy versus endometritis
Parity at the onset of experiment 3.3 ± 0.4 2.9 ± 0.6 2. 3.8 ± 0.5 5.3 ± 0.6 4.9 ± 0.7 0.034 0.106
Notes. Values are the mean ± SEM. a (1) Unassisted birth (natural, without human assistance); (2) easy calving with human assistance; (3) difficult calving with several humans assisting; (4) dystocia (requiring considerably more force than normal); and (5) surgical treatment or death of the cow b Milk fever, hypocalcemia, ketosis, ruminal acidosis, displaced abomasum, lameness, retained placenta, endometritis and mastitis from 3 weeks prepartum to 3 weeks postpartum.
(probably because of the pathological changes). Clinical endometritis may be caused by abnormal calving, delayed expulsion of lochia, disruption of neutrophil function, tissue damage, retained placenta, earlier resumption of ovarian cyclicity, severe NEB or metabolic diseases, such as milk fever and ketosis (Esposito, Irons, Webb, & Chapwanya, 2014; Giuliodori et al., 2013; LeBlanc, 2014; LeBlanc et al., 2002; Lewis, 1997; Sheldon, 2004) . In line with these earlier studies, we found that 42% of cows with endometritis had several peripartum diseases. In particular, three cows with endometritis were diagnosed with hypocalcaemia or milk fever, and another three were diagnosed with ketosis. In addition, cows with endometritis in our study had higher serum NEFA and BHBA concentrations during the early postpartum period, which reflected greater mobilization of adipose tissue and failure of lipid metabolism in the liver (Grummer, 1993 (Grummer, , 1995 , and lower serum Mg concentration, which reflected its lower intake (Kida, 2002) .
Moreover, cows with endometritis had diminished contraction of the muscular layers of the cervix and pregnant uterine horn and tended to have lower plasma PGFM concentration after parturition compared to those in Healthy cows. Lower plasma PGFM concentration in the periparturient period contributes to the retention of foetal membranes (Mishra & Prakash, 2005) . Thus, cows with endometritis may have partially retained placenta, even though they did not show a full spectrum of pathologies. Furthermore, cows with endometritis exhibited higher AST activity and lower Alb concentration, possibly indicating hepatic dysfunction (Bertoni, Trevisi, Han, & Bionaz, 2008; Swarup et al., 2007) . Cows with fatty liver show higher AST activity and lower Alb concentration as well as higher blood NEFA and BHBA concentrations in blood compared with healthy cows (Farid, Honkawa, Fath, Nonaka, & Horii, 2013) . Hepatic dysfunction in cows with endometritis of the present study may be a result of greater fat mobilization. Therefore, in the present study, delayed expulsion of lochia and liver dysfunction probably caused uterus infection followed by endometritis. 
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